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The sensory innervation of the dura mater encephali

mediates both nociceptive and vascular responses, which

are implicated in the generation of headaches. As the

major pain-sensitive intracranial structure, the dura mater

encephali has become the preferential target for studies of

the peripheral mechanisms of meningeal nociception and

headache (Strassman et al. 1986; Davis & Dostrovsky,

1988; Bolay et al. 2002). The dura mater is innervated by

trigeminal sensory nerve fibres which contain vasoactive

neuropeptides such as calcitonin gene-related peptide

(CGRP), substance P (SP) and neurokinin A (NKA)

(Mione et al. 1992; Messlinger et al. 1993; Edvinsson &

Goadsby, 1998; Edvinsson et al. 1998). Most of the

peptidergic nerve fibres are closely associated with dural

blood vessels (Edvinsson & Uddman, 1981; Messlinger et
al. 1993). Dural afferents not only convey nociceptive

information to the central nervous system but, through

the release of vasoactive peptides, also promote the sterile

inflammatory process of neurogenic inflammation in the

innervated tissue (Dimitriadou et al. 1992). CGRP

released by trigeminal sensory fibres causes arteriolar

vasodilatation, whereas SP and NKA increase the vascular

permeability in the dura mater (Brain et al. 1985; Goadsby

et al. 1988; Moskowitz & Cutrer, 1994). Neuropeptides

may also act on the dural mast cells, resulting in the release

of vasoactive substances, e.g. histamine (Dimlich et al.
1991; Ottosson & Edvinsson, 1997). Neurogenic

inflammation has been proposed as an important

mechanism in the generation of pain and changes in blood

flow in headache patients (Moskowitz, 1984). Clinical

observations support the significance of neuropeptide

release in the pathophysiology of primary headaches;

jugular venous blood collected from the affected side

during migraine and cluster headache attacks contained

increased levels of the vasodilator sensory neuropeptide

CGRP (Goadsby et al. 1990; Goadsby & Edvinsson, 1994).

Under experimental conditions, neurogenic inflammation

can be induced via the activation of chemosensitive

primary sensory neurones by either antidromic electrical
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The neurogenic sensory vascular responses of the dura mater encephali are considered to contribute

significantly to the mechanisms of meningeal nociception and headache. Although the fundamental

role of capsaicin-sensitive afferent nerves in the development of the neurogenic inflammatory

responses of a variety of tissues is well established, their participation in meningeal vascular

reactions is unclear. In the present study, the effects of the topical application of capsaicin on the

dural blood flow and on the morphology of the dural nerve fibres were examined in control and

capsaicin-pretreated rats by means of laser Doppler flowmetry and electron microscopy,

respectively. In the control rats, the dural application of capsaicin at concentrations of 50 and

100 nM induced significant increases in blood flow in the branches of the medial meningeal artery.

This capsaicin-induced vasodilatation was abolished by capsazepine, a transient receptor potential

vanilloid 1 (TRPV1) receptor antagonist, and by hCGRP8–37, a calcitonin gene-related peptide

(CGRP) receptor antagonist. Administration of capsaicin at higher concentrations (1 and 10 mM)

resulted in marked, dose-dependent decreases in dural blood flow. The capsaicin-induced

vasodilatation was abolished, whereas vasoconstriction was augmented, by systemic pretreatment

of the animals with capsaicin. Electron microscopy revealed degenerating unmyelinated axons in

the dura mater after an acute exposure to capsaicin (10 mM), providing support for the existence and

possible functional role of capsaicin-sensitive dural afferent nerves. The results indicate that

capsaicin-induced vasodilatation in the rat dura mater is mediated by the release of CGRP from the

sensory nerves, whereas the vasoconstrictor response may be attributed to a direct action of

capsaicin on the vascular smooth muscle. The present study demonstrates for the first time that

capsaicin-sensitive nociceptive afferent nerves contribute significantly to the dural vasodilatory

responses and suggests an important role in meningeal nociception.
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stimulation of afferent nerves or direct (orthodromic)

chemical stimulation, e.g. by capsaicin (Jancsó et al. 1968;

Jancsó et al. 1977, 1980; Maggi et al. 1986; Chahl, 1988;

Holzer, 1991). Therefore, it is conceivable that the

activation of capsaicin-sensitive afferent nerves innervating

intracranial tissues may contribute to local vascular

reactions and the generation of pain in headache patients.

Capsaicin-sensitve primary afferent neurones comprise a

morphologically, neurochemically and functionally well

characterized population of sensory ganglion cells (Jancsó

et al. 1977; Buck & Burks, 1986; Holzer, 1991; Jancsó,

1992) which express the TRPV1 or capsaicin receptor

(Caterina et al. 1997). These nociceptive neurons have a

dual function: they are involved in the transmission of

nociceptive impulses generated by chemical, heat or

mechanical stimuli and, by the release of neuropeptides

from the stimulated sensory nerve endings, they also fulfil

a local regulatory function resulting in changes in smooth

muscle contraction/relaxation, vasodilatation, plasma

extravasation and other cellular functions (Jancsó et al.
1968; Jancsó et al. 1980, 1987; Buck & Burks, 1986; Holzer,

1991; Szallasi & Blumberg, 1999). Vasodilatory responses

elicited by the stimulation of capsaicin-sensitive sensory

nerves are mediated mainly by CGRP whereas SP, NKA

and vasoactive intestinal polypeptide are involved in the

mediation of most other cellular responses (Maggi & Meli,

1988; Holzer, 1991; Szallasi & Blumberg, 1999).

Capsaicin may have direct or indirect effects on vascular

smooth muscle. It acts on the vanilloid (TRPV1) receptors

of perivascular sensory nerve fibres and releases their

neuropeptide content, resulting in vasodilatation, while

capsaicin-induced vasoconstriction is probably a direct

effect on blood vessels by calcium inflow into the smooth

muscle cells (Toda et al. 1972; Edvinsson et al. 1990).

Repeated administration of capsaicin, under both in vivo
and in vitro conditions, results in the development of

characteristic functional impairments originally termed

capsaicin desensitization (Jancsó, 1968). This term refers

to changes that involve both functional and pharmaco-

logical desensitization of capsaicin-sensitive afferent

neurons. The term pharmacological desensitization,

involving acute desensitization and tachyphylaxis, has

been proposed to denote the calcium-dependent changes

in the responsiveness of sensory neurons to frequent or

prolonged application of capsaicin at low (nanomolar)

concentrations, resulting in a reduction or loss of cellular

responses to the drug but not to other stimuli (Bevan

& Docherty, 1993). Hence, tachyphylaxis and acute

desensitization to capsaicin applied at low concentrations

for a short duration are regarded as physiological

phenomena (Koplas et al. 1997; Liu & Simon, 1998)

probably unrelated to structural changes (Király et al.
1991). Applications of capsaicin at higher concentrations

produce functional desensitization resulting in a

reduction or loss of neural responses, involving

nociceptive reflexes and peptide release, elicited by not

only capsaicin but also other types of stimuli (Bevan &

Docherty, 1993). Functional desensitization appears to be

associated with or even caused by degenerative structural

alterations (Buck & Burks, 1986; Jancsó et al. 1987; Király

et al. 1991; Jancsó, 1992; Simone et al. 1998; Dux et al.
1999) and depletion of neuropeptides (Jessel et al. 1978;

Buck & Burks, 1986; Saito & Goto, 1986; Jancsó et al. 1987;

Holzer, 1991) from the sensory neuron.

Previous experiments have shown that local electrical

stimulation of the dura mater evokes vasodilatation

mediated by the release of CGRP from trigeminal nerve

fibres (Kurosawa et al. 1995). However, the involvement of

capsaicin-sensitive sensory nerves in this reaction could

not be demonstrated (Peitl et al. 1999); the vasodilatory

response to antidromic electrical stimulation of dural

afferent fibres was not inhibited significantly by prior

systemic treatment with capsaicin, which is known to

result in a depletion of neuropeptides, including CGRP

(Ferdinandy et al. 1997), from sensory nerves. It is well

established that CGRP, the principal peptide mediating

the vasodilatory effect of sensory nerve stimulation (Brain

et al. 1985), is contained in both capsaicin-sensitive and

capsaicin-insensitive afferent nerves (Carr et al. 1990).

Since the amount of CGRP released from capsaicin-

insensitive afferents upon electrical stimulation may be

substantial, it may mask the effect of CGRP release from

capsaicin-sensitive fibres. Accordingly, the present

experiments were initiated in an attempt to reveal a

possible contribution of capsaicin-sensitive afferent nerves

to meningeal vasodilatory responses by an experimental

approach utilizing selective chemical stimulation of the

dural sensory nerves and an established rat cranial window

technique (Kurosawa et al. 1995; Dux et al. 2002; Strecker

et al. 2002). The possible involvement of TRPV1 receptor

activation and consequent CGRP release was also studied,

using a competitive TRPV1 receptor antagonist and a

specific CGRP receptor antagonist, respectively. Further,

electron microscopy was used to demonstrate the presence

of capsaicin-sensitive afferent nerves in the dura mater

encephali.

METHODS 
Experimental animals and surgery
The experiments were approved by the Ethical Committee for
Animal Care of the University of Szeged and efforts were made to
keep the number of animals as low as possible.

Adult male Wistar rats weighing 300–400 g were used. One group
of animals was given subcutaneous injections of capsaicin on 3
consecutive days at increasing doses of 10, 20 and 100 mg kg_1

(capsaicin desensitization; Ferdinandy et al. 1997). Intact animals
and rats given the solvent for capsaicin (6 % ethanol and 8 %
Tween 80 in saline) served as controls. Four days after the last
injection, the rats were anaesthetized with thiopentone

M. Dux, P. Sántha and G. Jancsó860 J Physiol 552.3
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(150 mg kg_1, I.P.; Thiopental, Biochemie GmbH, Austria).
Additional doses of thiopentone (25 mg kg_1, I.P.) were
administered to maintain the appropriate level of anaesthesia, as
assessed by the absence of changes in systemic blood pressure or
nociceptive reflexes to noxious stimuli. Systemic blood pressure
was recorded with a pressure transducer via a cannula inserted
into the right femoral artery. The animals were tracheotomized
and breathed spontaneously (Dux et al. 2002). The body
temperature of the animals was recorded with a thermoprobe
inserted into the rectum, and was kept at 37–37.5 oC with a heating
pad. A cranial window for the measurement of dural blood flow
was prepared according to Kurosawa et al. (1995). Briefly, the
head was fixed in a stereotaxic frame, the scalp was removed and
the left parietal bone was exposed. A cranial window of
4 mm w 6 mm was drilled into the exposed parietal bone. To
avoid thermal lesions, a saline-cooled drill was used. At the end of
the experiments, the animals were killed with an overdose of
thiopentone (250 mg kg_1, I.P.).

Drug application
Substances were applied topically onto the exposed dura mater.
The cranial window was carefully filled from a micropipette with
50 ml of a modified synthetic interstitial fluid (SIF) containing
(mM): 135 NaCl, 5 KCl, 1 MgCl2, 5 CaCl2, 10 glucose and 10 Hepes
(Levy & Strassman, 2002). All drugs but capsaicin and capsazepine
were dissolved in SIF. Stock solutions of capsaicin (32 mM, Sigma)
and capsazepine (1 mM, Sigma) were prepared with the aid of 6 %
ethanol and 8 % Tween 80 in saline and were further diluted with
SIF. In some experiments, the spontaneous recovery of the dural
blood flow after applications of capsaicin at 100 nM and 10 mM was
studied. In these experiments, capsaicin was removed only after
the dural blood flow had returned to the basal level. In other
experiments, the solutions containing capsaicin were removed
after 5 min and the dura mater was washed repeatedly with SIF to
allow the blood flow to return to the basal level, which usually
occurred within 10–15 min. In the same animal, two to three
different concentrations of capsaicin were tested. Capsaicin was
applied at increasing concentrations, except for those experiments
where the effects of capsaicin at 100 nM were tested before and
after its administration at 10 mM. In some experiments, the
effects of repeated capsaicin applications were tested: the same
concentrations of capsaicin were applied three times, separated by
wash-out periods. To determine the contribution of TRPV1
receptors and the role of CGRP in the capsaicin-induced changes
of blood flow, the TRPV1 receptor antagonist capsazepine
(Sigma) and the CGRP receptor antagonist hCGRP8–37 (Sigma),
respectively, were applied onto the exposed surface of the dura.
After 5 min, capsaicin (100 nM) was administered for 5 min. In
capsaicin-desensitized animals, histamine at 10 mM was applied to
the dura mater for 5 min after completion of the measurement of
the capsaicin-induced blood flow changes.

Measurement of dural blood flow and evaluation of data
Dural blood flow was measured with a needle-type probe of a laser
Doppler flowmeter (Perimed, Sweden) directed towards a branch
of the medial meningeal artery. To minimize flow signals from the
cortical blood vessels, recording sites were selected along the
larger branches of the medial meningeal artery lying distant from
the visible cortical blood vessels. Under these circumstances, the
registered laser Doppler signal almost exclusively reflects the
meningeal blood flow (Kurosawa et al. 1995). Blood flow values
were recorded on-line with a time constant of 1 s. Data on the
meningeal blood flow (measured in perfusion units, PU),
systemic blood pressure and body temperature were stored and

processed with the Perisoft program (Perimed, Sweden). The
basal flow was the mean flow value measured during a 5 min
period prior to drug application. The percentage changes induced
in the blood flow by topical application of capsaicin or other drugs
were determined as mean flow values within the 5 min application
period (calculated separately for each minute) relative to the basal
flow. The effects of TRPV1 and CGRP receptor antagonists on the
capsaicin-induced blood flow changes were determined by
comparing the changes in blood flow in response to capsaicin
before and after the application of the respective antagonist. All
flow values are expressed as means ± S.E.M. Statistical analysis of
the data was performed with one-way analysis of variance
(ANOVA) followed by the Tukey test. A probability level of
P < 0.05 was regarded as a statistically significant difference
between groups.

Electron microscopy
Adult male Wistar rats weighing 350–400 g were anaesthetized
deeply with thiopentone (150 mg kg_1, I.P.) and then decapitated.
The skin and muscles of the skull were removed and the jaw was
separated at the temporomandibular joint. The skull was divided
in half by a cut with a fine saw along the sagittal suture
(Ebersberger et al. 1999). The skull halves were placed into
carbogen-gassed Krebs solution (composition (mM): 119 NaCl,
25 NaHCO3, 1.2 KH2PO4, 1.5 MgSO4, 4.7 KCl, 2.5 CaCl2 and
11 glucose). For the identification of capsaicin-sensitive afferent
axons in the dura mater, the technique introduced by Király et al.
(1991) was utilized. Briefly, after a preincubation period of 10 min
at 37 oC, capsaicin at 10 mM or an equivalent amount of its solvent
was added to the solution. After 10 min, the capsaicin-containing
solution was replaced with fresh physiological solution and the
skull halves were incubated for a further period of 60 min. The
specimens were fixed in situ with a fixative containing 2 %
paraformaldehyde and 1 % glutaraldehyde in 0.1 M phosphate
buffer (pH 7.4) for 2 h. Small samples of the dura mater encephali
containing branches of the medial meningeal artery were cut out,
post-fixed in a 2 % buffered solution of osmium tetroxide for 2 h,
dehydrated in graded alcohols and embedded in Araldite.
Ultrathin sections were cut on a Reichert-Jung Ultracut E
ultrotome, stained with uranyl acetate and lead citrate and
examined under a Jeol Jem 1010 electron microscope.

RESULTS
Effect of topical application of capsaicin on dural
blood flow
Administration of capsaicin at concentrations of 50 and

100 nM, but not 10 nM, produced significant increases in

blood flow. The highest increases in dural blood flow were

observed during the second and third minute of the

application period (Figs 1A and 2). The capsaicin-induced

increases in dural blood flow amounted to 10–15 % and

lasted for about 9 min, whereafter the blood flow returned

to the basal level. In contrast, topical application of

capsaicin at 1 or 10 mM elicited an immediate decrease in

dural blood flow (Figs 1B and 2). The blood flow reduction

was dose dependent and peaked during the second minute

of capsaicin application. Following the administration of

capsaicin at 1 and 10 mM, the blood flow returned to the

control level after 5 ± 0.6 and 12 ± 0.8 min, respectively.

The effects of capsaicin were reproducible at all

Capsaicin-sensitive neurogenic vasodilatation in the dura materJ Physiol 552.3 861
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concentrations: no significant differences could be

observed in the blood flow-increasing or -decreasing

effects of three consecutive applications of the same

capsaicin concentration. However, a single exposure of the

dura mater to capsaicin at 10 mM significantly and

permanently inhibited the effect of a subsequent

application of capsaicin at 100 nM, which normally elicited

an increase in blood flow (Fig. 3).

Local applications of SIF or the vehicle for capsaicin onto

the dura mater failed to induce significant changes in

blood flow (3 ± 2.3 and 3 ± 1.5 % increases, respectively).

The mean arterial blood pressure was not affected by

capsaicin applied onto the dura mater encephali: it was

112 ± 4 mmHg before and 115 ± 7 mmHg during

application of the highest concentration of capsaicin

(10 mM). Intact animals and rats given the solvent for

capsaicin did not differ in any of the above reactions.

Effect of systemic capsaicin desensitization on
capsaicin-induced changes in blood flow
In capsaicin-desensitized animals, the vasodilatory effect

of capsaicin applied at 50 or 100 nM was significantly

inhibited. In contrast, the vasoconstriction produced by

the dural application of capsaicin at 1 mM was significantly

augmented (Fig. 4). The application of histamine (10 mM)

induced a significant meningeal vasodilatation (15.7 ± 1.4 %

blood flow increase) in all the capsaicin-desensitized

animals.

Effects of capsazepine and hCGRP8–37 on capsaicin-
induced increase of dural blood flow
The failure of capsaicin to evoke an increase in dural blood

flow in rats pretreated with capsaicin was circumstantial

evidence of the involvement of TRPV1 receptors in the

mediation of capsaicin-induced dural vasodilatation.

To obtain direct pharmacological evidence of the

M. Dux, P. Sántha and G. Jancsó862 J Physiol 552.3

Figure 2. Effects of topical application of various
concentrations of capsaicin on meningeal blood
flow
The changes in blood flow induced by capsaicin are
calculated as mean percentage changes ± S.E.M. for five
consecutive 1 min periods relative to the basal flow prior
to capsaicin application (n = 6–11). * Significantly
different from the basal flow, P < 0.05.

Figure 1. Effect of topical application of capsaicin
on meningeal blood flow
Original recordings indicating the blood flow-increasing
effect of capsaicin (100 nM, A) and the vasoconstriction
induced by capsaicin (10 mM, B) applications to the dura
mater. Blood flow is measured in perfusion units (PU).
The horizontal line indicates the mean basal flow measured
before capsaicin application.
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involvement of TRPV1 receptors in dural vasodilatation,

capsazepine, a specific vanilloid type 1 receptor antagonist,

was used. Topical application of  capsazepine (10 mM) did

not have a significant effect on the basal blood flow

(2.7 ± 1.8 % increase). After pre-application of capsazepine,

a significant inhibition of the capsaicin-induced increase

in blood flow was observed (Fig. 5): the original

vasodilatory effect of 100 nM capsaicin was turned into

vasoconstriction.

hCGRP8–37 at 10 and 100 mM did not induce significant

changes in meningeal blood flow (1.9 ± 0.8 and 2.1 ± 0.6 %

increases, respectively). However, pre-application of

hCGRP8–37 resulted in a significant inhibition of the

capsaicin-induced vasodilatation (Fig. 5). Further, after

the pre-application of hCGRP8–37, capsaicin at 100 nM,

Capsaicin-sensitive neurogenic vasodilatation in the dura materJ Physiol 552.3 863

Figure 4. Effects of systemic capsaicin desensitization on
capsaicin-induced changes in meningeal blood flow
Bars represent changes induced in meningeal blood flow by
application of capsaicin at 50 nM (n = 6), 100 nM (n = 7), 1 mM

(n = 7) and 10 mM (n = 5) in control rats and after systemic
capsaicin desensitization. Changes in blood flow are calculated as
mean percentage changes ± S.E.M. for the third 1 min period of
capsaicin application (when effect of capsaicin desensitization was
most pronounced) relative to the basal flow. * Significantly
different from the effect of capsaicin in the control rats, P < 0.05.

Figure 3. Effect of acute capsaicin
desensitization on capsaicin-induced blood
flow changes in dura mater
Changes in blood flow induced by capsaicin application
(100 nMand 10 mM) before and after 10 mM capsaicin
are calculated as mean percentage changes ± S.E.M. for
five consecutive 1 min periods relative to the basal flow
(n = 5). * Significantly different from the effect of the
same concentration of capsaicin before the application
of the desensitizing concentration (10 mM) of capsaicin,
P < 0.05.

Figure 5. Effect of TRPV1 receptor antagonist
capsazepine and CGRP receptor antagonist hCGRP8–37 on
capsaicin-induced vasodilatation in dura mater
Changes induced in blood flow by capsaicin (100 nM) before and
after the application of the TRPV1 receptor antagonist capsazepine
(10 mM, n = 5) or hCGRP8–37 (10 and 100 mM, n = 6), calculated as
mean percentage changes ± S.E.M. for five consecutive 1 min
periods relative to the basal flow. * Significantly different from the
effect of capsaicin before the application of the respective
antagonist, P < 0.05.
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which produced significant increases in dural blood flow

in the control animals, led to a moderate decrease in blood

flow. The mean arterial blood pressure of the animals was

not influenced significantly by capsazepine or hCGRP8–37

applied onto the dura mater encephali.

Electron microscopy
In the control specimens of the dura mater encephali

incubated with the vehicle for capsaicin, the ultrastructure

of the nerve fibres and other elements of the tissue were

preserved. Many myelinated and unmyelinated axons

were observed in small nerve bundles which exhibited a

normal appearance. In contrast, in specimens that were

exposed to capsaicin at 10 mM for 10 min, some

unmyelinated axons displayed severe structural alterations

in all dura mater samples. These changes are characteristic

of osmiophilic axonal degeneration; the axoplasm of the

affected unmyelinated nerve fibres contained amorphous

or lamellated electron-dense material and demonstrated

disorganization of the cellular organelles. None of the

myelinated axons underwent similar structural alterations,

and other structural elements of the tissue also appeared

normal (Fig. 6).

DISCUSSION
The present experiments revealed a hitherto unrecognized

vasodilatory function of the capsaicin-sensitive afferent

nerves that innervate the dura mater encephali of the rat.

The results indicate that chemical stimulation of the

meningeal sensory fibres by capsaicin at low

concentrations elicits a moderate, but significant,

vasodilatory response as assessed by laser Doppler

flowmetry. This response is inhibited or even completely

abolished by prior acute local capsaicin desensitization, i.e.

application of capsaicin at a concentration that has been

shown to produce a rapid, selective degeneration of

capsaicin-sensitive afferent nerves (Király et al. 1991).

Similarly, systemic pretreatment with capsaicin at a dose

that results in a profound depletion of sensory

neuropeptides, e.g. SP and CGRP, from afferent nerves,

markedly inhibited or even abolished the vasodilatory

effect of capsaicin (Jancsó et al. 1977, 1987; Gamse et al.
1982; Jancsó & Such, 1985; Buck & Burks, 1986; Holzer,

1991; Jancsó, 1992). In contrast, capsaicin desensitization

did not affect histamine-induced vasodilatation, which is

mediated by a direct action on endothelial and smooth

M. Dux, P. Sántha and G. Jancsó864 J Physiol 552.3

Figure 6. Ultrastructural changes induced in dural unmyelinated axons by topical application
of capsaicin
Electron micrographs showing myelinated (arrowheads) and unmyelinated (arrows) axons of the rat dura
mater encephali following a 10 min exposure to capsaicin (10 mM, B and C) or its vehicle (A) in vitro.
Following the exposure to capsaicin, some unmyelinated (arrows in B and C), but no myelinated axons
exhibited severe ultrastructural damage indicative of the osmiophilic degeneration of these axons. A higher
power electron micrograph (C) illustrates the normal appearance of the microtubules, neurofilaments and
mitochondria in the intact axons and the disorganized axoplasm of an affected axon containing osmiophilic
amorphous material (arrow). The scale bar in B indicates 0.5 mm and applies to both A and B; the scale bar in
C indicates 1 mm.
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muscle cell histamine receptors (Dux et al. 2002). The

present findings therefore strongly suggest that sensory

nerve-mediated vasodilatation of the dura mater involves

in part capsaicin-sensitive afferent fibres. This is

supported by the finding that capsazepine, a specific

TRPV1 receptor antagonist, inhibited the capsaicin-

induced vasodilatation. Although the sensory innervation

of the rat dura mater has been extensively studied, the

contribution of capsaicin-sensitive afferent nerves has not

been revealed (Andres et al. 1987). Indeed, our electron

microscopic findings provide the first direct morphological

evidence of a capsaicin-sensitive innervation of the dura

mater of the rat.

Many of the sensory fibres innervating the dura mater

contain vasoactive peptides, and in particular CGRP

(Keller & Marfurt, 1991; Messlinger et al. 1993; Knyihar-

Csillik et al. 1995). This peptide has been shown to play a

crucial role in sensory nerve-mediated vascular reactions

(Brain et al. 1985; Louis et al. 1989) and has been

implicated in the mechanisms of dural circulation and

meningeal nociception (Edvinsson & Uddman, 1981). In

line with these findings, the present experiments have

provided evidence for a fundamental role of CGRP

released by the activation of TRPV1 receptors in the

vascular effects of capsaicin in the dura mater encephali of

the rat. The specific CGRP antagonist hCGRP8–37 inhibited

the vasodilatory effect of capsaicin, indicating that this

effect may be primarily mediated by CGRP. However, the

findings additionally revealed that CGRP may also play

an important modulatory role in the mechanism of

capsaicin-induced vasoconstriction, an effect generally

regarded as a direct vascular action of capsaicin (Toda et al.
1972; Duckles, 1986; Edvinsson et al. 1990, Pórszász et al.
2002). Hence, both systemic or local capsaicin desensitiz-

ation and administration of the TRPV1 or CGRP receptor

antagonists resulted in augmented vasoconstrictor

responses of the dural vessels to capsaicin. In fact, low

concentrations of capsaicin, normally producing vaso-

dilatation, elicited significant vasoconstrictor responses in

rats pretreated systemically with capsaicin or topically

with the TRPV1 and CGRP antagonists. Modulation by

CGRP of the vasoconstrictor responses that can be elicited

by circulating vasoactive agents and tisssue metabolites

may contribute to meningeal vascular and nociceptive

mechanisms. Capsaicin-induced vasoconstriction may be

a mechanism that is involved in the regulation of vascular

tone under physiological/pathophysiological conditions.

Further studies are needed to clarify whether chemical

agents that are released in normal or inflammed tissue and

stimulate sensory nerves or endogenous vanilloids may

contribute to local vasomotor regulation.

The present findings are to some extent at variance with

those of earlier studies suggesting that dural vasodilatation

evoked by stimulation of sensory nerves may be solely

mediated by capsaicin-insensitive afferent nerves in the rat

(Peitl et al. 1999). The most likely explanation for this

discrepancy may be that antidromic electrical stimulation

of the trigeminal nerve in capsaicin-desensitized rats

produced a robust vasodilatory response due to the release

of CGRP from capsaicin-insensitive fibres, which masked

the effect of CGRP normally released from a smaller

population of capsaicin-sensitive afferent fibres. Hence, in

our experiments, with selective chemical stimulation of

CGRP-containing capsaicin-sensitive afferent nerves by

capsaicin, we were able to demonstrate the contribution

of these particular afferent nerves to the meningeal

vasodilatory responses.

In conclusion, the present experiments have revealed a

hitherto unrecognized vasodilatory mechanism which

involves CGRP-containing capsaicin-sensitive afferent

nerves, and have provided direct morphological evidence

for the existence of such nerves in the rat dura mater. It is

suggested that capsaicin-sensitive afferent nerves may

contribute significantly not only to the vascular reactions

but also to the nociceptive mechanisms of the dura mater

possibly associated with the pathomechanism of

headaches.
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